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1 0 INTRODUCTION 
In steel design, the Specification for the Design of Cold-Formed Steel 
Structural Members l issued by the American Iron and Steel Institute has long 
been used for structural members cold-formed to shape from steel sheet or 
strip used for load-carrying purposes in buildings and other thin walled 
steel structures ° Even though no thickness limitation was included in 
° dO" f h S Of" ° 2,3 h h" k f preV10US e 1t10ns 0 t e pec1 1cat10n, t e t 1C ness 0 material used 
in the cold-formed steel construction was often limited to about 1/4 inch 
because the maximum thickness of steels used under all ASTM Specifications 
listed in Section 1.2 of the AISI Specification2,3 is 0.2449 inch. 
During recent years, carbon steel sheets and plates in coils up to 1/2 
inch thick have been successfully used for cold-formed steel structural 
members in building construction (schools, shopping centers, and apartments), 
industrial plants, farm equipment, railway cars, ship and barge construction, 
truck trailers, earthmoving equipment, highway median barriers, bridge construc-
4 5 
tion, conveyors, machinery frames, and others.' Cold-formed steel plate 
sections up to about 3/4 inch in thickness have been used for steel plate 
structures and transmission poles. Consequently, the scope of the AISI 
Specification was extended in 1968 to include the use of steel sheets, 
strip, and plates up to 1/2 inch in thickness provided that such steel 
conforms to the chemical and mechanical requirements of one of the listed 
1 
material specifications. 
In view of the fact that the AISI design provisions have been mainly 
based upon the research work conducted on specimens made from relatively 
thin steel sheets and strip in the thicknesses ranging from 0.03 to 0.19 
inch,6 some building code organizations have limited the application of 
the AISI Specification only to steels under 1/4 inch thick, due to the 
fact that the validity of some design provisions presently included in 
the AISI Specification has not been demonstrated fully for cold-formed 
steel sections thicker than 1/4 inch in thickness. 
In order to study the structural behavior of steel members cold-formed 
from thick steel plates (up to about 1 inch in thickness) for the purpose 
of verification of some AISI design provisions, a research project entitled 
2 
"Study of Cold-Formed Steel Structural Members Made of Thick Sheets and Plates" 
was initiated in September, 1971, at the University of Missouri-Rolla (UMR) 
under the sponsorship of the American Iron and Steel Institute. 
The research work reported herein was directed by Dr. Wei-Wen Yu, 
Professor of Civil Engineering, under the supervision of Dr. J. H. Senne, 
Chairman and Professor of the University of Missouri-Rolla Department of 
Civil Engineering. Research Assistants for the project were Victor A. S. Liu 
and William M. McKinney, graduate students of the Department of Civil Engineer-
ing. 
This report summarizes the research work on the study of thick, cold-
formed, steel sections conducted at the University of Missouri-Rolla during 
the academic year 1971-72 (September 1971 to December 1972). The objectives 
of the project and the planned program are described in Section 2. The 
findings obtained from a preliminary investigation are discussed in Section 3. 
Section 4 contains a discussion of the buckling strength and the effective 
design width of stiffened compression elements; emphasis is placed on the use 
of thick sheets and plates. The buckling strength of an initially curved 
unstiffened plate is discussed in Section S. Section 6 describes the effect 
of cold-work on mechanical properties of thick sheets and plates. Finally, 
a summary is presented in Section 7. Future work on the project for the 
academic year 1972-73 is outlined in Section 8. 
It should be noted that some of the findings reported herein have been 
7 8 discussed in the First and Second Progress Reports' and in a paper orally 
presented at the Research Session of the 1972 ASCE National Structural 
Engineering Meeting held in Cleveland, Ohio. 9 
This investigation was sponsored by American Iron and Steel Institute. 
The financial assistance given by the Institute and the technical guidance 
provided by the AISI Staff and the Institute's Task Group on Thicker Sheets 
3 
and Plates are gratefully acknowledged. The AISI Staff responsible for this 
project included Dr. A.L. Johnson and Mr. D.J. Clark. The Task Group was 
constituted as follows: Mr. A.J. Oudheusden, Chairman, Messrs. H.R. Fink, 
T.J. Jones, R.W. Haussler, and D.S. Wolford, members. 
2. OBJECTIVE AND PLANNED PROGRAM 
2.1 Objective 
As indicated in the research proposal submitted to the American 
Iron and Steel Institute in May 1971, the objectives of the investigation 
are: 
1. To study the applicability of the current AISI design provisions l 
for the design of members cold-formed from steel sheets or plates 
thicker than 1/4 inch. In this regard, it is intended to determine 
the specific design provisions, for which further study may be need-
ed for the use of cold-formed steel sections fabricated from thick 
sheets and plates. 
2. To investigate the structural behavior of steel members cold-formed 
from relatively thick steel sheets and plates if it should be 
found that further studies are necessary for certain design rules. 
3. To prepare recommendations for possible revision of certain design 
criteria, if necessary. Any development of the revised design 
provisions will be based on the research findings obtained from 
Item 2. 
2.2 Planned Program 
In order to achieve the objectives mentioned in Section 2.1, the 
following four phases were established for the investigation: 
A. Preliminary Investigation 
B. Analytical Study 
C. Experimental Verification 
D. Preparation of Recommendations 
4 
A. Preliminary Investigation 
It is well known that the structural behavior of cold-formed steel 
members depends mainly on the material properties, dimensional ratios, 
and initial imperfections. In the preliminary investigation, studies were 
made to determine the possible differences between the relatively thin 
steel (1/4 inch and under) and thick steel (1/4 inch to 1 inch) and to 
review the current AISI provisions for the design of relatively thick 
materials. This type of basic information was used for the study of 
applicability of the AISI Specification to relatively thick steel sheets 
and plates. 
B. Analytical Study 
Based on the findings obtained from the preliminary investigation, 
analytical studies were made on the design provisions which are affected 
by the differences between relatively thick and thin materials. 
This analytical investigation included the study of the AISI pro-
visions on effective design width of stiffened compression elements, 
allowable design stress for unstiffened compression elements, and the 
increase in yield strength due to cold work. 
c. Experimental Investigation 
The purpose of the experimental investigation was to verify the 
analytical results and to obtain the required basic information. In 
view of the fact that the specimens and testing of beams and columns are 
rather expensive as indicated in the original research proposal submitted 
to AISI on May 31, 1971, only the following tests were conducted during 
the first year of study: 
5 
1. Tensile tests of steel sheets and plates for establishment 
of the typical stress-strain relationship of materials used 
for the investigation. 
2. Tests of corners for checking the formulas used for calculation 
of the increased yield strength due to cold forming. 
D. Preparation of Recommendations 
Following the analytical and experimental investigations, prelim-
inary recommendations for the design of cold-formed steel structural 
members made of thick materials were prepared for consideration by 
members of the AISI Committee. 
6 
3. PRELIMINARY INVESTIGATION 
The first phase of the preliminary investigation consisted of a study 
of initial imperfections, material properties, minimum inside bend radii, 
and practical width-to-thickness ratios. Each of these subjects is discussed 
in this section. 
3.1 Initial Imperfections 
Two types of initial imperfections were studied in the investigation. 
The first type deals with the out-of-flatness of sheets, strip, plates, 
. 10,11 
and cold-formed steel sect~ons. The second type is related to the 
straightness and twist of cold-formed sections. 
It was found that for the same wit ratio, thin steel plates permit larger 
values of colt than thick steel. In the ratio, w is the width of the steel 
plate, t is the thickness of the material, and °0 is the initial out-of-
flatness. 
With regard to straightness of cold-formed steel sections, a comparison 
of the straightness tolerances given in References 4 and 10 indicates that 
the camber tolerance for cold-formed steel section is either equal to or slightly 
smaller than that permitted for hot-rolled shapes. 
3.2 Material Properties 
A. Stress-Strain Curve 
Figs. 1 and 2, adopted from References 14 and 15, show the 
typical stress-strain curves for steel sheets and steel plates, 
respectively. It can be seen that steel sheets may have the gradual 
yielding type of stress-strain curves. In view of the fact that 
the strength of steel structural members does not only depend 
7 
8 
on the yield point of steel but also on the modulus of elasticity 
and tangent modulus, the type of stress-strain relationship will 
affect the structural stability of individual flat elements and 
the entire member used for beams and columns. For this reason, 
during the preparation of the AISI design criteria, due consideration 
was given to the type of stress-strain curves used in the cold-
formed section. 
B. Tensile Strength and Yield Point 
A study was also made on the tensile strengths and yield points 
of various steel sheets, strip, and plates specified in the AISI Spec-
'f' i 1 d h AISC S 'f' , 16 Th F IF '(F b ' ~ ~cat on an t e pec~ ~cat~on. e rat10s e~ng 
u y u 
the ultimate tensile strength and F being the yield point of steel y 
specified by the applicable ASTM Specifications) are shown in Figure 
3 for various steel sheets and plates. From this figure, it can be 
seen that in general the F IF ratios for steel plates are slightly 
u y 
higher than those for steel sheets if the same yield points are considered. 
This characteristic indicates that steel plates have a larger potential 
of increased strength because of the cold work. However, it should be 
realized that the increase of strength due to cold work is also affected 
by the type of stress-strain curves as discussed on page 30 of this report. 
C. Ductility 
The minimum elongations in 2 inches specified in ASTM Specifica-
tions for steel sheets and plates are shown in Figure 4. It can be seen 
that steel plates usually have relatively larger ductilities than steel 
sheets. This figure is based on Parts 3 and 4 of the 1971 ASTM Annual 
. Standards. 
9 
In t:he investigation, no attempt was made to study the required 
ductility for steel sheets and plates to be used for structural mem-
bers. This subject has been studied extensively by Dr. George Winter 
d h · . C 11 U' . 17 an 1S assoc1ates at orne n1vers1ty. 
3.3 Minimum Inside Bend Radius 
The mechanical properties and the thickness of steel have a major 
influence on the selection of minimum bend radius. In general, high strength 
steels with low ductility are more difficult to bend than plain carbon steel 
and therefore require relatively large bend radii. Thick steel sheets and 
plates also require large bend radii. 
Tables 1 and 2 list the values of R/t ratios being used in the AISI 
Design Manual18 and those recommended in Reference 19 for high strength 
steel plates. In these tables, R is the inside bend radius. In general, 
a Rlt ratio of 1.0 is often used in press-braked sections. 
Table 3 contains the values of R/t ratios recommended by a local 
steel plate fabricator. 
3.4 Practical Width-to-Thickness Ratios 
A survey of the channel and hat sections included in the current 
Edition of the AISI Design Manual18 indicates that the maximum width-
to-thickness ratios, wit, for the stiffened flanges of channels and hat 
sections are 44.77 and 137.43, respectively. Even though the specific 
sections listed in the Design Manual are not necessarily stock sections, these 
sections had been used as a general guide in the investigation. 
No specific information has been found for the practical width-
to-thickness ratios generally used for cold-formed steel members made 
of thick sheets or plates; however, it is reasonable to assume that the 
width-to-thickness ratio for thick, cold-formed steel sections will be 
smaller than those for thin sections. 
4. STIFFENED COMPRESSION ELEMENTS 
Stiffened compression elements are often used in cold-formed steel 
construction. In order to evaluate the applicability of the AISI provisions 
for the design of thick, stiffened compression elements, an attempt was 
first made to examine the current design criteria for local buckling stress 
and effective design width of this type of compression element. This is 
because the study summarized in Section 3.1 seems to indicate that thick 
steel plates may have relatively smalloo/t ratios as compared with thin 
sheets. 
The influence of small initial deviation from true flatness on the 
structural behavior of simply supported square plates under unidirectional 
edge compression has been investigated by Hu, ~ al ,20 coan,2l Yamaki,22 
23 24 Abdel-Sayed, Yang, and others. Fig. 5 shows the relationship between 
the a /a and Oft ratios for different initial imperfections, where a 
av cr av 
is the average stress in the plate under applied load, a is the theoretical 
cr 
critical stress for local buckling, and 0 is the additional deflection at 
the center of plate under laod. The curves are drawn for 00/t values of 0.0, 
0.01, 0.04, and 0.10. It can be seen that the reduction of buckling stress 
depends on the amount of initial deviation from flatness; the larger the 
imperfection, the smaller the buckling stress. It should also be noted that 
the effect of initial deviation from flatness upon the buckle growth of simply 
supported square plates is most significant at stresses around the theoretical 
critical stress for a flat plate, and that at stresses well above or below 
the critical stress the behavior of a plate with an initial deviation from 
flatness is very much the same as that of an initially perfectly flat plate. 20 
10 
11 
Even though the buckling stress of stiffened compression elements can 
be affected by the initial imperfection from true flatness as discussed above, 
it is well known that the current AISI rules for the design of stiffened 
compression elements are based on the "Effective Design Width" approach 
instead of the "Reduced Allowable Stress" approach. For this reason, it 
was considered desirable to study the influence of the initial deviation from 
flatness on the effective design width of stiffened compression elements. 
The effect of initial deviation from flatness on the effective width 
for load-carrying capacity of a simply supported plate has also been studied 
. . 20 23 by numerous 1nvest1gators.' It has been found that the effective width 
of a plate with an initial deviation from flatness is less than that of an 
initially flat plate at all values of stress. The reduction of effective 
design width for a simply supported square plate that is caused by various 
amounts of initial deviation from flatness is shown in Fig. 6, in which 
b is the effective design width, w is the actual width, 0" is the average 
av 
stress, and 0" is the theoretical critical buckling stress. 
cr 
In the investigation conducted at the University of Missouri-Rolla, the 
effect of initial out-of-flatness on the effective design width of stiffened 
compression elements was further analyzed with methods developed by Hu ~ al 
23 
and Abdel-Sayed. Fig. 7 shows the reduction of the effective design width, 
b, for various colt ratios ranging from 0.04 to 1.0. In this figure, the 
values determined by the Abdel-Sayed's method are based on the assumption 
that the behavior of plates is governed by the maximum longitudinal stress. 




von Karman formula 26 
Winter formula 6 
Hu et al 20 method 
--
4) Abdel-Sayed method23 
20 
The von Karman formula is given in Equation (1) and the Winter formula is 
given in Equation (2) as follows: 
~ = lo9~ 
max 
~ = lo9Y V~ [ 1-0.415 (!) / E w Y- f max 
( 1) 
] (2) 
where f is the maximum edge stress and E is the modulus of elasticity. 
max 
It should be noted that Equation (2) is the basic design criteria being 
used by AISI in the 1968 Specification. As shown in Fig. 7, this formula 
is closely correlated with the curve computed by the Abdel-Sayed method for 
c It = 0.2. 
o 
For comparison of the theoretical values determined by various methods 
and the experimental data on load-carrying capacity of stiffened compression 
1 h b . db' 25,26 J h d W' 27 e ements, t e test data 0 ta~ne y W~nter, 0 nson an ~nter, 
Wang and Errera,28 and Dwight and Ractliffe29 are plotted in Fig. 8. 
Figures 7 and 8 reveal the fact that for the same values of colt and 
(t/w)v! fE the ratios between the effective design width and the 
actual wi~~fi, b/w, predicted by Abdel-Sayed method differ considerably with 
those predicted by Hu£! al. For this reason, further studies were made on 
the basis of a different assumption, in which the average longitudinal stress 
at edges is assumed to be governing. Under this assumption, the b/w ratios 
computed by the Abdel-Sayed method for various colt ratios are shown in 
Fig. 9. A comparison with the available test data is shown in Fig. 10. It 
can be seen that under this assumption, the theoretical values based on the 
Abdel-Sayed method compare favorably with the results of Hu £! al. 
12 
From Figs. 7 to 10, it can be concluded that the initial imperfection 
will reduce the effective design width of the stiffened compression plate 
and the load-carrying capacity of the member. Because it is likely that the 
Go/t ratio decreases as the thickness of a steel sheet or plate increas~s, 
the effective design width formula developed from the study for thin sheets 
can be conservatively used for those sections fabricated from relatively 
thick plates, for which the 60 /t ratios are relatively small. 
13 
5. UNSTIFFENED COMPRESSION ELEMENTS 
In the AlSI Specification,l the design of unstiffened compression elements 
is currently based on the "Reduced Working Stress" approach, in which the 
buckling strength of unstiffened elements under compression is a major concern. 
A literature survey indicates that no specific information is now avail-
able for the effect of initial deviation from flatness on the buckling strength 
of unstiffened elements, even though some investigators have pointed out that 
the initial imperfection will reduce the buckling strength of plate elements. 
For this reason, a finite element analysis had been initiated for this inves-
tigation to evaluate the reduction of buckling strength brought about by 
various initial imperfections. Because this study is not complete at this 
time, the results will be included in a future progress report. 
14 
6.1 General 
6. EFFECT OF COLD WORK ON 
MECHANICAL PROPERTIES OF STEEL 
It is well known that the mechanical properties of steel, such as yield 
point, tensile strength, and ductility, are affected by the cold work 
applied to steel members during the forming operation. 6 ,14,30-35 Usually, 
cold work increases the yield point and the tensile strength of steel but 
decreases the ductility. For this reason, any use of the increased strength 
of steel can result in a more economical design of cold-formed steel structures. 
Realizing this potential gain in economy, the AISI Specification has 
permitted the utilization of cold work since 1962; however, (rom 1962 to 1968 
this utilization was restricted only to compact sections for which the as-formed 
steel properties used in design have been obtained from tests. 
Since 1962, the American Iron and Steel Institute has sponsored at 
Cornell University an extensive research project under the direction of Dr. 
George Winter to study the effects of cold work on the mechanical properties 
of cold-formed steel members and the structural behavior of as-formed members. 
The research findings developed by Britvec, Chajes, Karren, Uribe, and Winter 
have been summarized in References 14 and 30 to 34. These papers together 
with the discussions published in various issues of the Journal of the ASCE 
Structural Division have been reprinted in a Cornell Engineering Research 
Bulletin. 34 
Based on the results obtained from the Cornell research, the AISI design 
provisions were revised in 1968 to include Equations (3) to (6) below for 
the purpose of predicting the tensile yield point of corners and the yield 
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point of either the full section of compression members or the full flange 
sections of flexural members. 
where 
F = B F I(R/t)m (3) yc c y 
B 3.69(F IF ) - 0.8l9(F IF )2 
- 1.79 (4) c u y u y 
m 0.192(F IF ) 
- 0.068 (5) u y 
F = CF + (I-C) Fyf (6) ya yc 
F average tensile yield point of either the full section of ya 
compression members or the full flange sections of flexural 
members 
C = ratio of either the total corner area to the total cross sec-
tional area of the full section of compression members or the 
full flange sections of flexural members 
F = tensile yield point of corners yc 
F = weighted average tensile yield paint of the flat portions or yf 
virgin yield point if tests are not made 
F = tensile yield point of virgin steel y 
F = ultimate tensile strength of virgin steel 
u 
R = inside bend radius 
A study of Equation (3) for F indicates that the tensile yield yc 
point of corners is mainly affected by the virgin yield point, F , the y 
material parameter, F IF , and the geometrical parameter, R/t, used in the 
u y 
cold-forming operation. The F IF ratio is a measure of the strain harden-
u y 
ability of the virgin steel. A steel having a large F IF ratio is capable 
u y 
of providing relative large amounts of strain hardening; therefore, a 
large increase of yield point is expected. The R/t ratio relates to the 
amount of plastic cold-straining occuring at the corner section. A small 
R/t ratio indicates a large degree of cold work. 
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It should be noted that the empirical equations for the terms Band 
c 
m are based on an analytical study and on the results of tests conducted 
30 by Karren. The materials used for determining the values of Band m 
c 
include cold-reduced and hot-rolled sheet steels. The thicknesses of the 
sheets range from 0.06 to 0.15 inches. The yield strengths of virgin 
materials vary from 29.5 to 45.2 ksi. 
In order to verify the applicability of Equations (3) to (6) for 
steel sheets and plates thicker than 1/4 inch, additional studies have 
been made at UMR since September, 1971. Section 6.2 below describes the 
details of the investigation conducted at UMR during the academic year 
1971-72. 
6.2 Experimental Investigation 
The UMR experimental investigation of the effect of cold work on the 
yield point of steel was concentrated on the use of thick steel sheets and 
plates. The specimens used in the tests were cut from the cold-formed 
channel sections as shown in Figs. 11 and 12. These sections were cold-
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formed to shape from 1/2 inch and 1 inch steel plates. They were specifically 
designed for the study of the following parameters: 
a. Thicknesses of materials: 1/2 inch and 1 inch 
b. R/t ratios: 3, 5, and 6 
c. Types of stress: tension and compression 
d. Types of steel: A36 and A588 steels 
A. Preparation of Test Specimens 
The channel sections (Figs. 11 and 12) used in the first series 
of tests were fabricated from A36 steel plates. In the second 
series of tests, A588 steel plates were used. These sections were 
cold-formed by a steel plate fabricator in St. Louis, Missouri, 
who used a l250-ton hydraulic press machine. The steel plates used 
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in this program were ordered by the fabricator. The chemical 
analyses of A36 and A588 steel plates are given in Tables 4A 
and 4B, respectively. 
a. Tensile and Compressive Specimens Cut from Flat Steel Plates 
In order to obtain the tensile and compressive mechanical 
properties of the A36 and A588 steel plates, both tensile and 
compressive tests were conducted on virgin materials. 
For tensile tests, the specimens were prepared in 
d . h th ASTM S 'f' . E8 36 accor ance WLt e peCL LcatLon . Sheet-type 
standard specimens were used for the 1/2 inch thick steel 
plates, for which a 2-inch gage length was used. For the 1 
inch thick steel plates, plate-type standard specimens with an 
8-inch gage length were used. The dimensions of the tensile 
specimens cut from the flat steel plates are shown in Fig. 
13 and are listed in Tables 5A and 5B. During preparation 
of the tensile specimens, special care was exercised to assure 
good workmanship. In all cases, the specimens are symmetrical 
with the center line of the reduced section. 
For compressive tests, the test specimens were prepared 
in accordance with the Technical Memorandum No.2 of the Column 
Research Council. 37 The dimensions of the specimens are shown 
in Fig. 14 and are listed in Tables 6A and 6B. The slenderness 
ratios used for the specimens range from 13.8 to 15.8. These 
ratios satisfy the requirements of Appendix A of the AISI 
S 'f' . 1 peCL LcatLon. During preparation of the specimens used 
for compressive tests, the specimens were machined on the two 
cut sides and on both ends. Both ends are parallel and plane 
and normal to the longitudinal axis of the specimen within close 
limits. 
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During preparation of both tensile and compressive specimens, 
special care was taken by using a proper cooling process to 
avoid the possible effect of machining on the properties. 
b. Tensile Specimens Cut from Cold-Formed Corners 
In a study of the effect of cold work on the yield point 
of thick steel sheets and plates, the entire curved corner 
sections cut from the channels shown in Figs. 11 and 12 were 
excessively large for testing in the machine available at the 
Structural Laboratory of the University of Missouri-Rolla. For 
this reason, five small tensile specimens were cut from each 
corner of the 1/2 inch thick channel section. Figure 15 shows 
the location of the tensile specimens taken from the channel 
sections having R/t=3, while Fig. 16 shows the location of the 
tensile specimens taken from the channel sections having R/t=6. 
The dimensions of individual tensile specimens are shown in 
Fig. 17 and are listed in Tables 7A, 7B, 8A, and 8B, in which 
Tables 7A and 7B are for R/t=3 and Tables 8A and 8B are for 
R/t=6. After the tensile specimens were cut from channel 
sections, both ends were press flattened for ease of grasping 
in the test machine. The central portion of each specimen was 
then machined to the dimension shown in Fig. 17. The length of 
the reduced section was based on the typical dimensions for the 
2-inch gage length specified in ASTM Specification E8. During 
preparation of these tensile specimens, the same cooling process 
was used to avoid the possible effect of machining on the pro-
perties of steel at corner sections. 
No specimens were taken from the 1 inch thick channels 
for tensile tests. 
c. Corner Specimens Used for Compression Tests 
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In the study of the effect of cold-forming on the compressive 
yield point of corner sections, the test specimens were cut from 
the 1/2 inch thick channel sections as shown in Figs. 18 and 19. 
The 1 inch thick corners used in the compression tests are sim-
ilar to those shown in Fig. 18. 
The dimensions and sectional properties of the A36 steel 
corner specimens used in this test program are listed in Table 
9A. The slenderness ratios for the eight compressive tests 
ranged from 16.7 to 18.7. Similar to the test specimens cut 
from flat steel plates, the corner specimens were machined on 
two cut sides and on both ends with special care. In addition, 
both ends are parallel and plane and normal to the longitudinal 
axis of the corner section. 
For A588 steel, the dimensions and sectional properties of 
corner specimens are listed in Tables 9B and 9C for the 1/2 inch 
thick material. In Table 9B, test specimens CCl-1-588 and 
CCl-2-588 are 90 0 full corners, while specimens CC2-l-588, 
CC2-2-588, CC2-3-588, and CC2-4-588 are half corners as shown 
in Fig. 20. This is because the load-carrying capacities of 
the 900 fu~l corner specimens for R!t=6 were close to the max-
imum capacity of the testing machine available at the University. 
In Table 9C, test specimens CC3-1-588 to CC3-5-588 were cut from 
the same corner used for CC2-1-588 and CC2-2-588, and test spec-
imens CC3-6-588 to CC3-10-588 were cut from the same corner used 
for CC2-3-588 and CC2-4-588 (see Fig. 21). The small individual 
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specimens listed in Table 9C were tested for the purpose of 
checking the yield points of CC2-1-588 to CC2-4-588 listed in 
Table 9B. 
Table 9D gives the dimensions of test specimens for the 
determination of compressive yield point of the 1 inch thick 
corners cut from the A588 steel channels. 
B. Testing of Specimens 
a. Tensile and Compressive Specimens Cut from Flat Steel Plates 
Eight tensile specimens (four specimens were cut from the 
1/2 inch thick plates and four specimens were cut from the 1 
inch thick plates) prepared from the A36 and A588 flat steel 
plates were tested in a 200,000 pound, Tinius Olsen, universal 
testing machine located in the Structural Laboratory of the 
UMR Department of Civil Engineering. The test procedures were 
b d h ASTM S ·f· . E8 36 ase on t e pec1 1cat10n . The stress-strain curves 
were obtained by using an autographic recording device. 
Eight specimens prepared from the A36 and A588 flat steel 
plates for compression tests as shown in Fig. 14 were also 
tested in the Tinius Olsen, universal testing machine. The 
stress-strain relationships were obtained by using a pair of 
1/4 inch foil strain gages mounted on two opposite surfaces of 
the specimens by using the M-Bond 200 adhesive. During the test-
ing, the applied load and strain gage readings were recorded 
and printed out on type by using a 40 channel Data Acquisition 
System as shown in Fig. 22. The printed data were used to plot 
the stress-strain curves for compression tests of virgin materials 
reported in Section 6.2.C. 
b. Tensile Specimens Cut from Cold-Formed Corners 
Forty specimens (20 specimens were cut from corners of 
the A36 and A588 channels having R/t=3 and 20 specimens were 
cut from the corners of the A36 and A588 steel channels having 
R/t=6) were tested in the Tinius Olsen, universal testing machine 
in the same manner as that used for the testing of tensile 
specimens cut from flat steel plates. Because both ends of the 
specimens were press flattened prior to the machining of the 
central reduced portion, no difficulties were encountered in the 
tests. The stress-strain curves shown in Section 6.2.C of this 
report were also obtained by using an autographic recording 
device. 
c. Corner Specimens Used for Compression Tests 
For A36 steel, four corner specimens cut from the 1/2 
inch thick channels (Fig. 19) were also tested under compression 
in the 200,000 pound, universal testing machine located in the 
Structural Laboratory. Figure 23 shows the set-up for the 
testing of corner sections under compression. The stress-strain 
relationships were also obtained by using a pair of 1/4 inch 
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foil strain gages mounted on the opposite surfaces of the specimens. 
The strain gage readings were also recorded and printed out on 
type by using the Data Acquisition System in the same manner as 
that used in the compression specimen tests described in Section 
6.2.B.a of this report. 
In additioI1, four corner specimens cut from the 1 inch 
thick channel have been tested under compression in a 600,000 
pound, universal testing machine.* The stress-strain curves 
*The tests were performed in Laclede Steel Company. 
were plotted from the data recorded by a portable digital str~in 
indicator. 
For A588 steel, two full corners, four half corners and 
ten small specimens, for which width is nearly equal to thick-
ness, cut from the 1/2 inch channels were also tested under 
compression in the 200,000 pound, universal testing machine at 
UMR in the same manner as that used for the testing of A36 steel 
corners. For the 1 inch thick corners, instead of testing the 
full corners, 20 small compression specimens cut from the corners 
of 1. inch-thick channels were tested in the 200,000 pound, 
universal testing machine. In these tests, 1/4-inch foil 
strain gages were also used to obtain the stress-strain relation-
ship of the corner specimens. 
C. Results of Tests 
a. Chemical Composition of Virgin Steels 
The chemical analyses of the A36 and AS88 steel plates 
used in the UMR test program were performed by the producers. 
The results are included in Tables 4A and 4B. They were obtained 
from the producers through the steel fabricator of the channel 
sections. 
b. Tensile and Compressive Mechanical Properties of Virgin Steels 
The tensile mechanical properties, including yield point, 
tensile strength and elongation obtained from the tests con-
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ducted at UMR for the 1/2 inch and 1 inch thick A36 steel plates, 
are presented in Table SA. Table SB contains the tested tensile 
mechanical properties of the AS88 steel plates. The values obtain-
ed from the UMR tests are approximately the same as those provided 
by the producers. The average stress-strain curves obtained from 
the tensile tests of the 1/2 inch thick steel plates are 
plotted in Figs. 24 to 33 as virgin properties. 
The compressive yield points of the 1/2 inch and 1 inch 
thick steel plates obtained from the UMR tests are listed in 
Tables 6A and 6B. No data were received from the producers 
on compressive yield point. A comparison of Tables SA, SB, 
6A, and 6B indicates that the yield points for tension and 
compression are nearly equal. The average stress-strain 
curves obtained from compression tests of the 1/2 inch and 1 
inch thick A36 and A588 steel plates are shown in Figs. 34 to 
51. 
c. Tensile Mechanical Properties of Corner Sections 
For the tensile specimens cut from the corners of the 
1/2 inch thick channel sections, the stress-strain curves for 
individual specimen tests are shown in Figs. 24 to 27 for A36 
steel and in Figs. 29 to 32 for A588 steel. Figs. 24 and 2S 
are for the specimens cut from the A36 steel corners having a 
nominal R/t ratio of 3. Figs. 26 and 27 are for the specimens 
cut from the A36 steel corners having a nominal R/t ratio of 
6. Figs. 29 and 30 are for the specimens cut from the A588 steel 
corners having a nominal R/t ratio of 3. Figs. 31 and 32 are for 
the specimens cut from the A588 steel corners having a nominal 
R/t ratio of 6. 
Also shown in Figs. 24 to 27 and Figs. 29 to 32 are compos-
ite curves representing the stress-strain relationship of the 
900 full corner section. They were computed from the measured 
data obtained from individual coupon tests. In the construction 
of composite stress-strain curves, the following technique was 
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used: 
1. Divide the cross section of the full corner to be 
investigated into five subareas, each of which has its 
own characteristic stress-strain curve as shown in Figs. 
24 to 27 and Figs. 29 to 32. 
2. For a given value of strain, find the corresponding 
stress of each subarea. 
3. Multiply the stress from each subarea by the ratio 
of the subarea to the total cross-sectional area. 
4. The representative stress is the sum of these products 
for all of the subareas. 
This technique is discussed more fully in Reference 31. 
The tensile yield points measured from the stress-strain 
curves by uSing the 0.2 percent offset method and the tested 
ultimate tensile strengths are listed in Tables 7A, 7B, 8A, 
and 8B for R/t=3 and 6. In all tables, the yield points of 
the corner sections were measured from the composite curves 
shown in Figs. 24 to 27 and Figs. 29 to 32. 
It is well known that for the same material, the increase 
of yield point of steel at corners depends mainly on the R/t 
ratios used. Figs. 28 and 33 show the effect of R/t ratios on 
the tensile stress-strain curves and the increase of yield point 
for A36 and A588 steels, respectively. 
d. Compressive Mechanical Properties of Corner Sections 
The stress-strain curves obtained from the compression 
tests of 900 full corners cut from the 1/2 inch thick A36 steel 
channels are shown in Figs. 34 and 35 for nominal R/t ratios 
of 3 and 6, respectively. The average compressive stress-strain 
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curves for R/t=3 and 6 are compared in Fig. 36 for the purpose 
of determining the effect of R/t ratios on compressive yield 
points of corners. Also shown in Fig. 36 is a curve for the 
virgin material. This curve makes it possible to compare the 
increase of yield point of steel that is caused by the cold 
work. 
For corners cut from the 1 inch thick A36 steel channels, 
four compression tests were conducted. The stress-strain curves 
obtained from the tests are shown in Fig. 37 for a nominal R/t 
ratio of 3 and in Fig. 38 for a nominal R/t ratio of 5. Fig. 
39 shows a comparison of the compressive stress-strain curves 
of the virgin material and corner sections having R/t ratios of 
3 and 5. 
The measured compressive yield points of eight, A36 steel 
corners and the average values are tabulated in Table 9A. 
For the A588 steel corner sections, the compressive stress-
strain curves of the two full corners (R/t=3) cut from the 
1/2 inch channels are shown in Fig. 40. The average curve for 
the case of R/t=3 is shown in Fig. 46. For the 1/2 inch thick 
channels having R/t=6, the compressive stress-strain curves of 
the four half corners tested are shown in Figs. 41 and 42. Figs. 
43 and 44 show the stress-strain curves of ten individual com-
pression tests and the composite curves for full corners. The 
average curve for the case of R/t=6 is shown in Fig. 45. The 
effect of R/t ratio on the compressive yield point of steel is 
illustrated in Fig. 46. 
With regard to the investigation of the 1 inch thick, A588 
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steel, the stress-strain curves of the individual compression 
specimens, cut from the channels having R/t=3 and 5, and the 
composite curves are shown in Figs. 47 to 50. The effect of 
R/t ratios on the compressive yield points of corners is shown 
in Fig. 51 in which the stress-strain curves for R/t=3 and 5 
are the average values of the composite curves plotted in Figs. 
47 to 50. 
The measured compressive yield points of A588 steel corners 
and of the individual compressive coupons cut from the corners 
are presented in Tables 9B, 9C, and 9D. 
D. Discussion of Test Results 
a. Comparison of Tensile and Compressive Yield Points of Corners 
During the investigation, tensile and compressive tests 
were conducted on full corners, half corners, and small specimens 
cut from channel sections cold-formed from A36 and A588 steel 
plates. A graphic comparison of the tensile and compressive 
yield points of A36 steel corners is shown in Fig. 52 for corners 
cut from the 1/2 inch thick channels. Also shown in Fig. 52 are 
the stress-strain curves in tension and compression for virgin 
materials. It is of interest to note that for the same nominal 
R/t ratio, the tensile and compressive stress-strain curves and 
the yield points of corners are approximately the same. 
For A588 steel, the tensile and compressive stress-strain 
curves of corner sections cut from the 1/2 inch channels are 
compared graphically with the virgin properties in Fig. 53. 




With regard to the 1 inch thick corners, only compressive 
tests were conducted on full corners, half corners, and small 
size specimens cut from channel sections. It is, therefore, 
impossible to make any comparison for the tensile and compressive 
yield points of corners. However, based on the results obtained 
in the study for the 1/2 inch thick sections and the conclusions 
drawn in Reference 31 for corners thinner than 0.15 inch, it 
can be assumed that for the 1 inch thick corners, the tensile 
and compressive yield points of corner sections should be 
approximately equal. 
b. Comparison of Tested and Computed Yield Points of Corners 
The test results obtained from the investigation of the 
increase in yield point at corners were compared with Equation 
30 (3) developed by Karren. This equation is currently used 
in Section 3.1.1.1 of the AISI Specificationl for calculation 
of the tensile yield point of corners. 
Table lOA contains a comparison of the tested yield points 
of corners and the yield points computed on the basis of 
Equation (3). It can be seen that the ratios between the tested 
and computed values for the A36 steel corner sections range from 
0.87 to 1.01. 
For A588 steel, a comparison of the tested and computed 
yield points of the 1/2 inch and 1 inch thick steel corners is 
given in Table lOB. For the corner sections investigated in the 
program, good agreement was found between the tested and 
computed yield points of corners. As indicated in Table lOB, 
the ratios of (F) /(F) d range from 0.94 to 1.03. yc tested yc compute 
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The above comparisons indicate that the current AISI formula (Eq. 3), 
developed on the basis of both the hot-rolled and cold-reduced steels, 
slightly over estimates the corner yield point for the channel sections 
made of A36 steel plates; however, the formula does provide good 
results for the sections made of A588 steel plates. This is possibly 
occassioned by the difference in stress-strain curves for two different 
steels. As shown in Fig. 54, A36 steel has a sharp yielding type of 
stress-strain curve with a considerably larger plateau as compared with 
that of A588 steel. It can be seen from the same figure that for A36 steel, 
the yield point of corners will not be affected by strain hardening until 
the strain of fibers reaches 0.018 in./in., but for A588 steel, the strain 
hardening begins at the smaller strain of 0.008 in./in. 
In order to investigate the possibility of deriving a revised formula 
that will encompass A36 steel, the material properties of corner specimens 
. 39 40 
reported in Reference 30 were re-evaluated by using regression analys1s. ' 
In this study, only the test data for hot-rolled steels were used. 
It was found that the following formulas may be used to predict 
the corner yield point if the regression analysis is based on the 
average results of corner tests of hot-rolled steels: 
F = B F /(R/t)m (7) yc c Y 
B = 3.94(F /F )-0.881 (F /F )2_2 .11 (8) 
c u Y u y 
m = 0.187(F /F )-0.082 (9) u y 
If the design formula for F is based on the 95 percent prob-yc 
ability of the corner tests of hot-rolled steels, the following formulas 




= B F /(R/t)m 
c y 
2 
= 4 03(F /F )-O.898(F /F ) -2.26 
• u y u y 
(10) 
(11) 
m = 0.187 (F IF ) - 0.072 
u Y (12) 
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The values of Bc (Equations 4, 8, and 11) and m (Equations 5, 9, 
and 12) are compared in Figs. 55 and 56, respectively. 
The tested values of F for A36 steel corners and the tensile yield yc 
points of corners computed by Equations 10, 11, and 12 are compared in 
Table lOCo The ratios of (F) d/(F) d range from 0.92 to yc teste yc compute 
1.05. These values are about 5 percent higher than those given in 
Table lOA. The correlations between the test data and various equations 
are shown graphically in Figs. 57 and 58 for A36 steel corners. For 
A588 steel corners, the correlations between the test data and various 
equations are shown in Figs. 59 and 60. 
The results obtained from the Cornell tests for thin material have 
also been compared with various equations. (See Figs. 61 to 66). An 
observation of Figs. 61 to 64 indicates that for a number of corners 
made of hot-rolled steel sheets, the AISI formulas, Eqs. (3) to (5), 
slightly overestimate the corner yield point, F . However, for corners yc 
made of cold-rolled steel sheets, Figs. 65 and 66 indicate that the AISI 
formulas provide good prediction for the corner yield point. In view 
of the fact that hot-rolled steel has a sharp yielding and that cold-
reduced steel has a gradual yielding as shown in Fig. 1, it can be seen 
that the increase of yield point is not only affected by the ratio of 
F IF , but is also affected by the type of stress-strain curve of the 
u y 
virgin material. 
c. Effect of Forming Methods on Yield Point of Corners 
During the study of the influence of cold work, consideration was 
given to the possible effect of the forming method on the increase of 
the yield point of steel. Figs. 67 to 76, based on Reference 30, show 
the test results obtained from Karren's tests. It can be seen that the 
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method of forming is not the major factor, because for all cases the 
Fyc/Fy ratios are approximately the same for roll forming, coin press 
brake, and air press brake operations. For this reason, it seems 
that the slightly smaller tested values of the yield points of A36 
steel corner sections obtained from the UMR tests are not caused by 
the forming method used in the fabrication of channel sections. 
d. Distribution of Yield Point Along Corner Sections 
In addition to the above observation, it is interesting to note 
the change of average yield points of steel along the curved corner 
section. The distribution of the tensile yield points in A36 steel 
corners is shown in Fig. 77 for nominal R/t ratios of 3 and 6. AS 
expected, the yield point of steel varies with the degree of cold 
work. When the R/t ratio is equal to or larger than 6, the yield point 
of steel along the curved corner is practically uniform. The maximum 
yield point was found to be only 3 percent higher than the average 
value of the entire corner section. 
e. Effect of Thickness on Stress-Strain Curves 
In order to study the effect of thickness of steel on the shape 
of the stress-strain curves obtained from the compression tests of 
corner sections, four curves were plotted (Fig. 78) for A36 and A588 
steels. Each curve represents the average value of two curves. Be-
cause all the curves are practically the same, it can be seen that the 
thickness of material does not significantly affect the shape of stress-
strain curves of corner sections. 
f. Effect of Residual Stress on Yield Point of Corners 
In Karren's investigation,30 the effect of residual stress in steel 
sheets on the increase in yield point of corners had not been considered. 
This factor was also neglected in the UMR study. 
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The magnitude and distribution of residual stress in steel 
plates depend on the type of steel and the cutting method used. Even 
though no residual stresses were measured for the steel plates used 
in the investigation for fabrication of channel sections prior to 
ld f · ti . d' 38 ~ 12 i di h' 1 co - orm~ng opera on, preV10us stu 1es n cate t at 1n genera 
only a small magnitude of residual stress exists in the central region 
of the plate. This region can extend across 60 to 95 percent of the 
plate width. 
In the UMR study, it was assumed that neglect of the residual 
stress present in the original plate, does not affect significantly 
the results of tests because of the following reasons: 
1. All tensile coupons and many compressive specimens are 
taken far from the edges of plates where the residual 
stresses are low. 
2. The formed corners are far from the edges of plates and the 
residual stress is therefore low. 
For the purpose of studying the possible effect of residual 
stress, ten compressive specimens (CC3-l-588 to CC3-l0-588 in Table 
9C) were cut from two 1/2 inch thick, A588 steel corners were tested 
after testing was completed on four half corners (CC2-I-S88 to 
CC2-4-588 in Table 9B). The results of the tests indicate that the 
difference between the average yield point of half corners and the 
average yield point of corners determined by the method of "section-
ing" is only 2 percent. 
7. S~Y 
A study was made of the use of an AISI Specification for the design of 
steel structural memoers cold-formed from thick sheets and plates, Exper-
imental work was conducted to study the increase in the yield point that is 
caused by cold work in steel. The purpose of the investigation was to 
verify the validity of the AISI design rules for thick, cold-formed, steel 
members. 
It is well known that the structural behavior of cold-formed steel 
members depends mainly on the material properties, dimensional ratios, 
manufacturing process, and initial imperfections. In the preliminary 
investigation, studies were made of various types of steel sheets and 
plates for the stress-strain relationships, the spread between tensile 
strength and yield point, and the ductility. In addition, the practical 
width-to-thickness ratios of different types of cold-formed steel sections, 
the minimum inside bend radius of corners, and initial imperfections (out-
of-flatness and straightness) were investigated. It was intented to develop 
the basic information needed for determining the possible differences between 
the cold-formed sections made of thin and thick steels. 
The current AISI design criteria for effective design width of stiffened 
compression elements were carefully examined by considering the influence of 
small, initial out-of-flatness on the load-carrying capacity of the elements. 
In view of the facts that the initial deviation from true flatness reduces 
the buckling strength and the effective design width of the element and that 
thick sheets and plates usually have small 00ft ratios as compared with thin 
sheets, the AISI design formulas for determining the effective design width 
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of thin sheets can be conservatively used for cold-formed sections made 
of thick sheets. and plates. In the ratio notation. 0 is the initial 
o 
deviation from true flatness, and t is the thickness of material. 
Numerous tests have been conducted to study the increase in yield 
point at the corners of channel sections cold-formed from 1/2 inch and 
1 inch A36 and A588 steel plates. The results of tests were compared 
with the design formulas currently included in the AISI Specification. 
It was found that the present AISI design formulas, Eqs. (3) to (5), 
represent correctly the tests made on corners cold-formed from A588 steel 
plates and on those corners of cold-reduced steel sheets used in the 
original Cornell investigation. On the other hand, the tests on corners 
made of A36 steel plates and on those corners made of hot-rolled steel 
sheets used in the Cornell study are slightly better represented by 
Eqs. (10) to (12). It has been noted that for the corners made of A36 
steel plates, the differences between the two sets of equations--Eqs. (3) 
to (5) compared with Eqs. (10) to (12)--are only about 5%. 
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8 • FUTURE STUDY 
Additional study to the research project will include the investigation 
of bolted connections, particularly for bearing stress. It has long been 
recognized that the AISI Specification permits a higher allowable bearing 
stress than the AISC Specification. It is hoped that some transition design 
provisions can be developed to close the gap between the AISI and AISC 
Specifications. 
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TABLE 1 
R/t RATIOS USED FOR THE SECTIONf8LISTED 
IN THE AISI DESIGN MANUAL 
Thickness R/t t, (In. ) 




0.105 1. 79 
0.135 1.39 
TABLE 2 
MINIMUM R/t RATIOS FOR COLD FORMING 19 
Thickness R/t t, (In. ) 
0.0625 and under 1.0 
0.0625 - 0.125 2.0 
0.125 - 0.250 2.0 
0.250 - 0.500 3.0 
over 0.500 in. Hot forming is recommended 
TABLE 3 
RECOMMENDED R/t RATIOS FOR COLD-FORMED 
STEEL PLATE SECTIONS 
Thickness R/t 







CHEMICAL ANALYSIS OF A36 STEEL PLATES 
Nominal 
Thickness C Mn P S Si 
(In. ) 
1/2 0.22 0.98 0.009 0.004 0.03 
1 0.21 0.98 0.010 0.023 0.07 
TABLE 4B 
CHEMICAL ANALYSIS OF A588 STEEL PLATES 
I 
Nominal 
Grade Thickness C Mn P S Si Cu Cr V 
(In. ) 
A 1/2 0.14 1.01 0.013 0.021 0.24 0.30 0.55 0.05 
A 1 0.16 1.10 0.008 0.016 0.26 0.30 0.58 0.06 
TABLE 5A 
TENSILE MECHANICAL PROPERTIES OF A36 STEEL PLATES 
Test Dimension of Tensile Coupons F F E1ongation* Ave. Properties y u 
No. T(In. ) W(In. ) L(In.) (ksi) (ksi) (percent) Fy(ksi) F (ksi) 
u 
T-1-36 0.535 0.501 12.00 41.5 68.1 41 
T-2-36 0.536 0.500 12.00 44.3 69.0 40 42.9 68.6 
T-3-36 1.019 1.490 20.00 40.6 68.5 32 
T-4-36 1.019 1.490 20.00 39.8 67.2 31 40.2 67.9 
---
* Use 2 inch gage length for 1/2 inch thick plate. Use 8 inch gage length for 1 inch thick 
plate. Refer to Fig. 13. 
TABLE 5B 
TENSILE MECHANICAL PROPERTIES OF A588 STEEL PLATES 
Test Dimension of Tensile Coupons F F E1ongation* Ave. Properties y u 
No. (ksi) (ksi) (percent) F (ksi) F (ksi) 
T(In.) W(In. ) L(In. ) y u 
T-1-588 0.492 0.499 12.00 60.3 83.3 31 
T-2-588 0.490 0.507 12.00 60.5 83.7 30 60.4 83.5 
T-3-588 1.006 1.500 20.00 61. 4 89.2 23 
T-4-588 1.006 1.500 20.00 59.3 88.8 23 60.3 89.0 
_ ... - _._-_.-
- -- -L-- - ----- --
* Use 2 inch gage length for 1/2 inch thick plate. Use 8 inch gage length for 1 inch thick 





COMPRESSIVE MECHANICAL PROPERTIES OF A36 STEEL PLATES 
Test Dimension of Compressive Coupons F Ave. F y Y 
No. T(In. ) I W(In. ) L(In. ) L/r (ksi) (ksi) I 
C-1-36 0.536 0.497 2.24 15.6 44.5 
C-2-36 0.536 0.497 2.24 15.6 43.5 44.0 
C-3-36 1.022 0.965 4.00 14.3 41.0 
C-4-36 1.023 ! 0.968 4.00 14.3 39.0 
40.0 
Refer to Fig. 14 
TABLE 6B 
COMPRESSIVE MECHANICAL PROPERTIES OF A588 STEEL PLATES 
Test Dimension of Compressive Coupons F Ave. F y Y 
No. T(In.) W(In. ) L(In. ) L/r (ksi) (ksi) 
C-1-588 0.492 0.587 2.25 15.8 62.3 62.8 
C-2-588 0.492 0.589 2.25 15.8 63.4 
C-3-588 1.006 1.065 4.00 13.8 62.2 \ 
13.8 63.0 62.6 I C-4-588 1.006 1.063 4.00 I , 




MECHANICAL PROPERTIES OF TENSILE COUPONS CUT FROM 
CORNERS OF THE 1/2 INCH THICK CHANNELS 
(A36 Steel) 
Test Dimension of Tensile Coupons Properties of Individual Coupons 
No. T(In. ) W(In. ) L(In. ) F F Elongation yc uc in 2 inches (ksi) (ksi) (percent) 
CTl-1-36 0.536 0.505 12.00 45.2 68.6 37 
CTl-2-36 0.528 0.495 12.00 59.6 73.9 31 
I CTl-3-36 0.533 0.509 12.00 61.8 74.0 26 
I 
CTl-4-36 0.535 0.522 12.00 52.9 67.4 32 
CTl-5-36 0.537 0.501 12.00 48.3 69.2 35 
CTl-6-36 0.536 0.503 I 12.00 43.3 68.1 38 I 
CTl-7-36 0.538 0.500 ( 12.00 62.4 73.4 26 
I I CTl-8-36 0.532 0.500 12.00 63.3 74.5 26 i 
CTl-9-36 0.525 0.501 1 12.00 59.8 I 73.6 30 
! I CT1-10-3E 0.535 0.498 12.00 46.3 69.4 : 35 I l \ i 
Refer to Figs. 15 and 17 
I 
I Corner Properties \ 
F (ksi) yc F (ksi) uc 
! 
J 




































MECHANICAL PROPERTIES OF TENSILE COUPONS CUT !ROM 
CORNERS OF THE 1/2 INCH THICK CHANNELS 
(A588 Steel) 
Test Dimension of Tensile Coupons Properties of Individual Coupons Corner Properties 
No. T(In. ) W(In. ) L(In. ) F F Elongation F (ksi) F (ksi) yc uc in 2 inches (ksi) (ksi) yc uc (percent) 
CTl-I-588 0.491 0.511 12.0 61. 75 83.67 27 
CTI-2-588 0.486 0.503 12.0 79.41 92.42 21 
CTI-3-588 0.489 0.480 12.0 81.60 90.43 21 
CTl-4-588 0.489 0.465 12.0 81.50 93.61 20 77.80 90.97 
CTI-5-588 0.489 0.488 12.0 63.81 85.56 28 
CTI-6-588 0.488 0.486 12.0 71.20 89.03 27 
CTI-7-588 0.491 0.478 12.0 84.89 95.74 23 
CTI-8-588 0.483 0.487 12.0 85.37 97.45 24 81.62 
I 
94.70 
CTI-9-588 0.487 0.495 12.0 83.51 95.64 22 
I 
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MECHANICAL PROPERTIES OF TENSILE COUPONS CUT FROM 
CORNERS OF THE 1/2 INCH THICK CHANNELS 
(A36 Steel) 
I 
Dimension of Tensile Coupons j Properties of Individual Coupons 
T(In. ) W(In. ) L(In. ) F F Elongation yc uc in 2 inches (ksi) (ksi) (percent) 
0.542 0.499 12.00 47.1 69.3 38 
0.542 0.500 12.00 48.9 70.1 36 
0.542 0.501 12.00 I 50.9 69.9 35 
0.542 0.501 12.00 51.6 69.2 36 
0.543 0.500 12.00 48.8 69.1 36 
0.543 0.501 12.00 48.4 68.6 37 
0.542 0.503 12.00 53.2 69.3 36 
0.542 0.494 12.00 53.7 69.3 31 
0.543 0.501 12.00 53.2 I 69.5 35 \ 0.544 0.501 12.00 i 48.6 I 68.6 37 I 
Refer to Figs. 16 and 17 
Corner Properties 






























MECHANICAL PROPERTIES OF TENSILE COUPONS CUT FROM 
CORNERS OF THE 1/2 INCH THICK CHANNELS 
(A588 Steel) 















F ! F . . yc ) ue i E1ongatlon 
(ksi) \ (ksi) I in 2 inches L __ ~ (percent) 
67.73 84.66 27 
73.98 89.39 27 
76.24 90.46 26 
0.502 I 12.0 75.51 90.45 27 
28 0.505 \ 12.0 72.67 89.88 






0.498 I 12.0 74.03 89.96, 
0.492 t 12.0 74.48 90.25 
0.497 ! 12.0 73.26 89.75 










Refer to Figs. 16 and 17 
Corner Properties 
































COMPRESSIVE YIELD POINT OF CORNERS CUT 
FROM THE 1/2 INCH AND 1 INCH THICK CHANNELS 
(A36 Steel) 
Dimension of Corners F 
I T(In.) " yc 2 I (ksi) A(In. ) L(In.) L/r 
i 
I 0.538 1.550 3.00 18.7 57.5 
0.541 1.581 3.00 18.5 57.8 
-"-----..... -- C-"- "" ----- - ---.- ~ .--~ ~--~-.. --- ----
6.06 0.545 2.849 5.00 17.2 49.8 
6.06 0.545 2.930 5.00 16.7 49.5 
~-.--~---- "-
---------- r------"-----1-----r----
3.05 1.001 5.500 5.50 18.0 57.8 
3.05 1 1.001 5.580 5.50 17.7 60.0 ! 
5.03 0.994 8.590 8.50 17.6 56.2 
I 
5.04 0.992 8.420 I 8.50 I 18.0 56.3 I I i 


















\ I R/t 
I CCl-1-588 I 3.06 
I 





CC2-4-588 . 5.89 
TABLE 9B 
COMPRESSIVE YIELD POINT OF CORNERS CUT 
FROM THE 1/2 INCH THICK CHANNELS 
(A588 Steel) 
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Note: Specimens CCl-1-588 and CCl-2-588 are 90° full corners. Specimens 
























COMPRESSIVE YIELD POINT OF CORNERS CUT 
FROM THE 1/2 INCH THICK CHANNELS 
(A588 Steel) 
Dimension of Compressive Coupons 1 
T(In. ) i W(In. ) I L(In.) I L/r i 
I 
: 
0.490 0.513 2.25 15.9 
0.493 0.534 \ 2.25 15.8 
0.492 0.534 2.25 15.9 
0.491 I 0.512 2.25 15.9 
0.490 0.473 2.25 16.5 I f----- f---- I 5.89 0.491 0.520 2.25 15.9 
I 
5.89 0.490 \ 0.518 I 2.25 15.9 i 
1 
5.89 0.490 i 0.515 2.25 15.9 
I i 5.89 I 0.490 0.505 I 2.25 15.9 i 
I I I 5.89 I 0.490 0.514 2.25 15.9 I 
i I 











































CC2-o-588 I 5.01 
CC2-7-588 5.01 
CC2-8-588 5.01 
CC2-9-588 I 5.01 
I 
CC2-10-588 i 5~01 
j 
TABLE 9D 
COMPRESSIVE YIELD POINT OF CORNERS CUT 
FROM THE 1 INCH THICK CHANNELS 
(A588 Steel) 
Dimension of Compressive Coupons 
I , T(In. ) \ W(In. ) L(In. ) L/r 
0.980 1.080 4.00 14.1 
1.010 0.980 4.00 14.1 I 
0.990 0.980 4.00 14.1 
1.015 1.090 4.00 13.7 
0.993 0.925 4.00 15.0 
-- :--------- ------
0.990 1.055 4.00 14.0 
0.995 1.075 4.00 l3.9 
0.990 1.070 4.00 14.0 
0.995 1.070 4.00 13.9 















1.010 1.050 4.00 13.7 79.5 
0.995 1.065 4.00 13.9 I 82.3 
13.91 0.995 1.025 4.00 84.2 
0.985 1.060 4.00 14.1 i 82.8 , 
1.000 1.050 4.00 I 81.3 l3.9 I 
0.995 1.080 4.00 13.9 I 79.3 , 
, 
1.010 1.065 4.00 l3.7 : 81.4 
1.000 1.060 f 4.00 l3.9 85.8 ! 
0.985 ! 1.100 I 4.00 14.1 80.8 
I 1.010 1.070 I 4.00 , 13.7 70.2 I i I i 
I I 


















COMPARISON OF TESTED YIELD POINT OF CORNERS AND COMPUTED TENSILE YIELD POINT OF CORNERS 
(A36 Steel) 
(Based on Eqs. 3, 4 and 5) 
I 
ThiC~neSs I R/t Type of Virgin Properties Computed Tested (F ) test Stress , yc I F F B I m F F (In. ) y u c I yc yc (F ) comp 
(ksi) (ksi) (ksi) (ksi) yc 
0.060+ 
tension 37.5 49.0 1. 639 0.184 50.2 52.9 1.05 
3.00 
compression 40.5 ---- ---- ---- 50.2* 54.6 1.09 
tension 37.0 57.5 1.962 0.230 56.4 56.8 1.01 
0.135+ 3.00 
compression 38.5 ---- ---- ---- 56.4* 56.1 0.99 
1"-- -.-----.---- , 
tension 42.9 68.6 2.016 0.239 65.6 57.2 0.87 
0.534 3.18 : 
compression 44.0 ---- ---- ---- 65.6* 57.7 0.88 
tension 42.9 68.6 2.016 0.239 56.2 51.3 0.91 
0.543 6.08 
compression 44.0 ---- ---- ---- 56.2* 49.6 0.88 
--.-
tension 40.2 67.9 2.106 0.256 63.7 ---- ----
1.001 3.05 
compression 40.0 ----- ---- ---- 63.7* 58.9 0.93 
r-------- f--' --






---- 56.0* 56.3 1.01 
\ ! ~~------
* Based on the computed tensile yield point of corners. 













COMPARISON OF TESTED YIELD POINT OF CORNERS AND 
COMPUTED TENSILE YIELD POINT OF CORNERS 
(A588 Steel) 
(Based on Eqs. 3, 4 and 5) 
Type of Virgin Properties Computed 
Stress F F F B m yc y u c 
(ksi) (ksi) (ksi) 
tension 60.4 83.5 1.742 0.197 84.4 
compression 62.5 ---- ---- ---- 84.4 * 
tension 60.4 83.5 1.742 0.197 74.0 
* compression 62.5 ----, ---- ---- 74.0 
tension 60.3 89.0 1.871 0.215 88.7 
I 
compression 62.6 I ---- ---- ---- 88.7* , 
tension 60.3 89.0 1.871 0.215 79.8 
compression 62.6 ---- ---- ---- 79.8* 
* Based on the computed tensile yield point of corners 
** Each 90° corner was cut into two parts for testing purposes 













(F ) test lC 






















COMPARISON OF TESTED YIELD POINT OF CORNERS AND COMPUTED TENSILE YIELD POINT OF CORNERS 
(A36 Steel) 
(Based on Eqs. 10, 11, and 12) 
Type of Virgin Properties Computed Tested 
R/t F F B m F F 
Stress y u c yc yc (ksi) (ksi) (ksi) (ksi) 
tension 42.9 68.6 1.888 0.228 62.3 57.2 
3.18 
compression 44.0 62.3* 57.7 ---- ---- ----
tension 42.9 68.6 1.888 0.228 53.7 51.3 
6.08 
compression 44.0 53.7 49.6 ---- ---- ----
tension 40.2 67.9 1.985 0.244 60.8 ----
3.05 
compression 40.0 60.8 58.9 ---- ---- ----
tension 40.2 67.9 1.985 0.244 53.7 ----
5.04 
compression 40.0 53.7 56.3 ---- ---- ----
- --
- ._---
- -- - - -
*Based on the computed tensile yield point of corners. 
(F ) test yc 
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Winter's Formula (1968 AISI Specification) 
0.1 b/t=L9/E/fmax (I-0.415(t/w) VE/fmax ) 
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Fig. 7. Effect of Initial Deviation on Effective Design Width (maximum longitudinal stress at 
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Fig. 9. Effect of Initial Deviation on Effective Design l~dth (average longitudinal stress at 
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~ig. 20. Hell[ Corner Specimens 
(AS88 Steel) (Nominal Dimensions) 
CC3-1 
---:;--:;-.... .... ..... CC3- 2 
"" " .... ,.. ,.. ,.." 
,. i.e 6>~~ ..... "~""''' ,,/'~CC3-3 i ~ ~ 
11/1 10" 
" .", ,.. ..... 
~ .... ,,"" .", ..... ~CC3-4 
3/1 
I C-C3-IO CC3-9 
• 5-112" _I 





" " " ..... 
Fig. 21. Individual Coupons Used for Compression 
(AS88 Steel) (Nominal Dimensions) 
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Fig. 24. Typical Stress-·Strain Curves for Tensile Coupons 
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Typical Stress-Strain Curves for Tensile Coupons 
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Fig. 26. Typical Stress-Strain Curves for Tensile Coupons 
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Typical Stress-Strain Curves for Tensile Coupons 
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Fig. 28. Effect of R/t Ratio on Tensile Yield Point of Corners 
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Fig. 29. Typical Stress-Strain Curves for Tensile Coupons 
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Fig. 30. Typical Stress-Strain Curves for Tensile Coupons 
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Fig. 31. Typical Stress-Strain Curves for Tensile Coupons 
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Fig. 32. Typical Stress-Strain Curves for Tensile Coupons 
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Fig. 33. Effect of R/t Ratio on Tensile Yield Point of Corners 
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Fig. 34. Stress-Strain Curves for Corner Sections Under Compression 
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Fig. 35. Stress-Strain Curves for Corner Sections Under Compression 
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Fig. 36. Effect of R/t Ratio on Compressive Yield Point 
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Fig. 37. Stress-Strain Curves tor Corner Sections Under Compression 
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Fig. 38. Stress-Strain Curves for Corner Sections Under Compression 





















-- - - - Tension 
--- Compression 
o .002 .004 
, ' , J I 
STRAIN (fnl In.) 
Fig. 39. Stress-Strain Curves for Sections Under Compression 
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Fig. 40. Stress-Strain Curves for Corner Sections Under Compression 



















Fig. 41. Stress-Strain Curves for Corner Sections Under Compression 
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Fig. 42. Stress-Strain Curves for Corner Sections Under Compression 




























Fig. 43. Typical Stress-Strain Curves For Compressive Coupons 
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Fig. 44. Typical Stress-Strain Curves for Compressive Coupons 
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Fig. 45. Stress-Strain Curves for Corner Sections Under Compression 
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Fig. 46. Effect of R/t Ratio en Compr~ssive Yield Point 
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Fig. 47. Typical Stress-Strain Curves for Compressive Coupons 
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Fig. 48. Typical Stress-Strain Curves for Compressive Coupons 
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Fig. 49. Typical Stress-Strain Curves for Compressive Coupons 
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Fig. 50. Typical Stress-Strain Curves for Compressive Coupons 
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Fig. 51. Effect of R/t Ratio on Compressive Yield Point of Corners 

























Fig. 52. Comparison of Tensile and Compressive Yield Points of Corners 
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Fig. 53. Comparison of Tensile and Compressive Yield Points of Corners 
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Fig. 57. Correlation of Test Data on ~ inch Thick, 
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Fig. 58. Correlation of Test Data on 1 inch Thick, 
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Fig. 63. Correlation of Test Data on 10 gao HRSK 42.8 
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Fig. 77. Distribution of the Tensile Yield Points of Steel 
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Fig.78. Effect ·of Thickness of Steel on the Shape of 
Compressive Stress-Strain Curves (R/ t :I: 3) 
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